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A*SOLUfl INflAItD IN'ENVTY MASUREMENTS FOR NO1
AND NZ04 -0

Fby

DZniel and Floreane Gustzulm .Ztn Propidslon Center

Caiforsia Instituts of Technology 4
Pasadena, California

A. INTRODUCTIONW

Te qualitative feature of the vibration- rotation bands of

nitrogen dioxide and Atruwan tetroxide in the infrared rion of the

spectrm have been Investig&ted by a number of researchers. (

Moat of the work in the past has boen concerne with lnfrmation re-

gardeg mlecular atnectur. and interaction enssy curves. Spetral

locatlon of band centers and indlivdual rotational lines have been

determined to a high deSrLe of accuracy from thres'h, estimate

I bare been made of such quantities as moalecular interaction forces,

momeats of inertia, atomic spac* configurations, and moitcular sknas.

The earllest Infrared work on gaseous NO-N,0 4 mixtures was -

perfored in 1909 by Warburg and LeItbhtserC1 ) who oberldt*o bands

*$aagnis to NO,, (3.43. 6.1) and one belonging to NZO 4 (5. 70J)14
More extensive reearth on the gases ne conducted during the

foowing year by Eva von Bahr with studies on .hs infuence of

pzeseurisaton with foreign gas (0I) *n the am*ut of Absorption of

the cse bands observed by Warburg and lA lhawer. Nitrogen dtw$-

Presstre ngsI4 from 30 to S0 Mm, while nVygen pressurisation wa

vaied betwees 50 mm si o*n atmotphewe. For tke 6.1-A ba", the

prearage of absorption at 30 mm of NO, chang4d from 2. 5 without

pres~izstlon to 43.4 at one atnoteiRbn of oxyge. Above thli

prees, tha absorption remairad narly constant. Similar "suits,
'I
,j



I k though with. nam*bat wseir 2;fldTr- 6jponidnit wr*flktfor

1  Obseirvaliona of th. asA *Pt-2 3Wli nOoeo te
- gases~. Ithe far lt&'.IZA p)w*gs reported by St tong and Woot3

_ n re7.UAn at effort was mid* t: 1detfy thes various bau!v.

lan 1t In K3. t1evn of the twelve fzandameriala of dlultrogen

Utrxiisa ~roidentified along with three comabination. bands. in addiloo,

ccw. mafto dioxide baud. were reported. 1'urtbsr aaudlesaon these

I by ases were performed In 1933 by 3afley and Cas5Esic 5 who obtained tbo

I ~NeO force content, 4.tormizHOa constat, ad Mmmet 4f trla. lit

- the sause year, 5chaftes, reportid e~ght absorption bands In the

gaseous state and two in the lquid state. He seprated thi bead. be-

aleglg to NO,, fromn those belonging to RN1 4 by the usual techulque of

It heating the gas to ?50"C whore wat of th. gas decompose. to NO2 (see

SectonuC.

One. of ftAs moet complete early studiesi of both gsesn was report.?

byRa s rAM 7 i 193.Theas author: wore the first toi:: jx

a"d four MICros. were Aunostigatod thoroughly at norn tnupnawttr and

a asdc. Ibo ?1O& bands w*-o Identiflaed as cowblnaton hads of two

j I fvmameutale wIe the ba14 nds were Interpreteud an cozrbtnuans sad

I harvm s of knuw fsasmenfal. The band. qjhserved by these aatbors

j were comapared with thoxe. noted previousiy by other workervs.
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In more recent studies, refinements wore Introduced by using

1 Isotopic species and superior instruments. Moore 18 1 in 1953 observed

tI Mne combination bands and overtones belonging to NO2 with sufficieltly

'4 high resolving power to field the rotational flie structure. Son of his

r*et are pr*eseed in Table 1. Good agreement concerning the

locations of the NZ 04 bands in the near Infrared is found between the

9esults obtained by Snyder and Hisatsu-* ( 9 ) in 1957 and by Begurn and

fletcher " 0 ) in 1960. Selected results fro m Bgum &ad Fletcher are also

ited. In Table 1. An infrared absorption spectrum of the gaseous nix-

ture containing NOI ad N20 is reproduced in Fig. 1.

Wave number (cm !1

Fig. i. spectrum of gaseous NO-N 04 mixtures at pressures of
approwt*ately 40 cm and 2 cm of Hg at 23°C in a 0-cm

~NO, and N90 4 bandis in coanction with studies on radiant-hii t transf*er

_ ,and 4oncontration arjaysis, ;n partic ulart, there 1g considerable interst

In twxosphei tranamisson r, radiant energy. In addition to CO0RZ

= H.0$ uvler cor'tatn conditions to#g.* affter a nucle~r bomb blast' there

Th=- !

-r - *4
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IfK O lnfgtrnation In the form of spectrai" absorption coIffICIwnts* &nd intell.ated

lnteniitias Is issentilI for tae typo of study. A cuuiide table ubro

excpe-rmsntal rosuie are avallab!. for CO. and somer for H .To thM-

author-'s knowledge, no studkes of.% quantlatative natur-r on. NO2 and N3 04

ha-us appnred In the open llterau:-s. There Is alao contininig Iunda-

I inntat Interest In absolte intuuslity data since they may be used to

estimate the rate of changir of dipole mocaent with Intarnucisar separation-

In on.- experiments. lntegva&tsd Intensities were2 obtailned for one

fndartuntal and one combination band of NO,, and for three flflda-

I enials and four combination bands of gaseous N.O 4 Integrated In-

Itensities were also manured for the for combinaflon bands of N04

in the liquid phase. The wnkx was performed in the sp~ectral regionI> ~between on. and 15 microw'a. Intensities for I ueNasi h liquid
andA gas phases were compared and found to- be nearly aqual for tree of then

§ Ccitt brtdr studiled. Fromn the tempewatuare dependenace of absorption in

the region. of the NO2 and NijO 4 bands, the hecat of dissociation for the

reac-tion N 0- W110 was taclte n oun agree* stisfactorfly

v.1hprevious esr enisbsdootrtchsus

It. EXPERIMENTAL METHOD

Fr za gas at therm-al oqUbriwn. a sprctxal absorption

coefficient P Is defined such that the emnitted rAdIlny.U in th. wave

yrdinber rangle bcetween w and 'i dii, Iron the ceatur of th. baon of a



hen".sphere of radius filthrd tvizh Isozthonl gsatp.SQ' t

whs re a: represents thet bkac.tody radiancy at the wae nunbsr w In

any convenient act of units. And pt 3. known as thr optical depth. It i.

cuareniwit to exproe preen;.v in atmaosphsras, and the geomeric lengthb

In centimeters. thus leavinigF iA :he units atn -1-c

The factor in backes on the rtght-acA s~de of Eq. ti) is

known as the (hemlaphericat. spectral enmissivity &-S:. a-, theral

equilibrium, is equal to the spectra! abeor-tivity. Th. spectral flux

denity? Incident on a colum of gas of length .1 at the pressure pull)

be attenuatead by a factor ezp-'.-P,,pS) in passing throuzgh the gas.

To? a liquid abisorber It is convrnisat to dera a linear absorp~ioa

coofficiess throgh Beer's law,

wser. I &ad 1 refer to tb. tnsrnittrd and incident spectral fir=

d4nstties. reap sctiely. mad A4 as tOe geometric lengt of the absorbing

patth; k~ is now oxprossed In m1

We defiae thew itgrated ia-*nsity a iin cm-atm-t. for a band

eat*d betwee the wa*Ve numbs. a d MWn-. by

cz P,/ (3)



for th13 M's phtse,; !or the liquid phuso we dafine tho intc' vatod intensity

a' (in cm Ximtilarly as

W,

Becasise of inatrumental !traitatio-n0s it Is not geneLally poasible to

pefozrca expeinwtal measurements without slit distortions We define

an instrumental slit function g( f4w..b',b."' for the effective spectral

width of the exit alit betwen w-A4w and w *. Here w represents the

actual setting of the inatrurnent while b' and c' are parameters dependent

upon the slit geonsetry. The slit function gives the, fraction of energy at

the wave number w' to which the detector responds when the instrument

is set at w. The apparent spectral flux density I sensed by the instru-

ment when it is set at w is then

where the normalization condition

f( I' w-w-b', c td,d I

holds, Repreentative slit functions are triangular for prism instruments

and Oauaslan for gratin$ Instruments.

4

!f
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Z. The Wilpin. V all.4- P nftr- sV,.btr %VtlP) Mothod,

Ixpaemfinwial .%tA4 C-om I ..arles of abaorption spuctrA wreP

Brimily, the method entails the smearing out of the rotational ilne

structure of a vibration-rotatlon baad by means ot sufficient preeure

broadening to yield a line half-widt's which is considerably graater than

the spacing between lines. This may be accomplished either by main-

taining a sufficiently high pressuo of tho absorbing gas (self broadening)

or else by pressurizing with a foreign. non-absorbing gas (foreign-gas

broadening). With the fine structure smeared out in this manner, it is

no longer necessary to resolve details of an Individual rotaticnal line and

hence one may use relatively low-resolution instr-utnents for medng

quantitative measurements.

The integrated intensity is obtained by defining a quantity 53 which

equals the Integral of the natural loSarithm of the ratio of incident

apparent spectral flux density 1°0 a to the transmitted apparent spectral

flux density Ia and then de wmrrnning the slope of a plot showing 33 as a

function of the optical depth X % p L.
Using previou.siy specified notation,

'4'.

f4 f
dw j dwd.

31inco I W I W ox~epa -P WX.. It folluws, it the incidont sotAlfudost



iAM

K=

Xis conisaxit ov.'ira the wAvAg p~ur;-ibO-.rnt' v il b'Iig"'.r(n u-w-&J and 0,W1

that

, f ...t P 4A; J'X MI SI

_____ ____ (7)

&II bi 5' d w I

and
Wi

2~ f PWI

(rJ, vhxP(-P Xj' aIw-(,a"b'.c3'

fi

*At this point we int:oduce the requirement that the fine structure of the

band is suffic.ently sm~eared ouat to yormit Pto be consid-srod. constant

ever the wave numirber range of the effective slit width Z-* With this

asurptio. it is .eadiy si n t.at the t ..s o Eq. (6) rontaining the

slit function Cancel out and that

Eqation (,) t the desidid *lation which has been %.#(6 in Intoirpeting

tba eq. aimental rnalts,
I-I

-i"



C. PROPERTI O ,NOZ 1 | 4

Below -lO°C. dinitr gen t',o::fd,, exl,1s as a Cry4 4Mlla Solid,

while tfrom -10 to t 64°C and st on.t Atmosphr,,rf of ptesfuo it iS A

nearly colorlosis liquid Careful neAsurnents of vtpot preusurt as a

function of tempurature have be-in publLihed previosly'  and

selected reosilto are reproduced In Fig. Z. Thase measuremets w

cor.diacted in a stainlegs steel call Irnmrns.ad in rai iaothermal bath. A

specially-designed pressure *s:-nor was used. Vapor pressures war*

obtained at intrvals of apptoxima.th3y 30°o with a precision of better

thain one percent.

Because of its relatively high boiling point, Nz0 4 may be excluded

irom portions of the gas-handling systerm quite effectively with a liquid-

nitrogen trap.

Lt the gaSeou state. nitrogan dioxide and dinitrojen te*troxlde

exIst in chemical equa ibrLum according to the relation

NZO 4 -"ZNOZ.

Utenuive measurements of the equilMhium constant KP at temperatures

rangIng from 28. 02 to 403. 93 'K ware performed by Bode nsteln and

Bas;t k4 reevant data 1o Kp aro plotted as a function of temperature

in FLj. 3. At room temperature and one atmopher, pressure the

fractiva af NAO 4 docoaWosed is 0. 31.

The decompoetion of N1O 4 proceeds at a very rapid rate.

Corrsmtoan And D&wb4o06 estlmatrd the divo ~iation at* ccutant to

be kf 1t6 sxpt-1l. 000/r) so- In the prosene of a for e1n gas (NJ)



I 1 o -

10-

9-N

15

113

T 0£x1

ri.A6- ao rsueo ntoe olta ucino

te prtr ((a Re,1)



g td

06

O

f 14 F4



1I1

att pr.*#Sut.'s col)9Uft4Ay hih..r t'. ion* 4t-muspha -ir. Uadan this. -

V011ititH3, Chl.niit.q4 4 t..tL ai is itttlned it timP* of the order o(f

~micros..- oVe,,

Above 4 0 0 u., NOd dlsteciates ,-.t g.ll into NO .=-' C ; i0a order

to avoid tWis daCompoiti.Ioa w.- have uot performed any e.i p n.-%ts at

termperatures abu've about 400.

Giauque and Knomp' 6 pr;ooed !he follo"vwing equatinn of state,

which they found compatible vith the data prosontad by Bodenstein and

IY XT + pR, 10
I' W2Z 'Z I NO ONO +NC 01oI 0 ~ y (10

where they ASuMed

and. uising B* h*lots equation of fat, found

- -0.01

Associatod with the gas mixture ¢ontairAng
~'E::are aodtaining NOa

chamact.:latic brown cola-- which becomes deeper as thn toniperature is

raised. This color results from corlnuum absorptton in the visible

region of the opectvum by NO, Dinitrmgon trtsoxide i.% transpa.ent in

the visible region. As the temperstui, Is raised, the eqaLltbrium com-
position shifts towavd NO . resulting In deper-na of the brown color.

3Itml&r fLsults occur as a result of shifts in equilibrium composition

! i " with tet presuam. In preliminary etsudles, we utlilsed tho visiblo

bsorplioa of NO, it the p1urpose of gas analysix with phtetavoePric-

rcording of the 4bo0 ptiun .ee S lco* Z).
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Nitrogen dioexide is highly ri Accive %vith m~ny suabstraes AMd if

oxrml oi.Exposurge of the gas to small traces of mo~sture will _

tesult gt thm ormati n tric acid with subsequent corrosion ofex

posed metals. Rubber gaeIst* and 0-rings arv attacked. &0 are also

most organic greaese used for stating purposes. Work done In the past

was conducted entiruly with glass apparatuis in order to eliminate someS

of the corrosion proble ms The experna nts wepart cl In the following
sections were condu~cted at pressuires which are too high for the use of

glass apparatus and hence metallic containers bad to b. used.

D. EXPIRIhtXKTM, APPARATUSf

switch ban for the electric furnace. fustes, and an ammeter for easur-

Ing the current through the beating coils. The ammeter and voltmeter

for the light source are mounted on the table at the extreme left; also

located on this table, or* a thermostatic control unit an it thermocouple

potentiometer. The Z-ft diameter by 54t long vacuum tazmW qWbi may

be seen jat the coveer of the photograph, contains the absorption cell, tight

sour'ce. merhaical chopper, and associated optics. Directly to front

Tba apparsAuts used lit the prestro stwudss Is & modified voeion oif
*'quipmeat first asstmbied by D. Weber and subsequontly improved
by U1. P. Opp*A4beim



r*tt Fig.ft th leri __AC __~. OMSth b~p

tion Cell,



of th titnk is lout'.. a lIu~knM r IMgdc t~ pe;4atr -ith a

IJ-cycle Araplltier. A Uter,4a nd Nort:hrup~ Stulteumai yPO 0rcre

-Ix seen toz th.i ~i. f it...e~.re

Figure 5 cltpirts th-- Inti'.ual comnponlantl of the vacQuum1l)k

while rig. 6 shows a schersiatic dia~ram of the equlyrnent. Light froin

A giobar source, after being chapped by a 13-cycde choppe~r and

coltia.ted by a apheical rairiar 'M1 is passe~d through the absorption

cell located Ii an electric furnace. and then .'eflected b, a plane mirror

(M1Z) anto an off-aruds pai abolic ni rror "M
3 wih focuses the beam an

the eutiance slit of the infra--C4 sectrom~eter. The ligh~t beara leaves thef vacuum tank through a Zdunch diameter by 114-inch thick sodium

chloride window.

As Infared light source we used a water-c-ooled Slobar vich

consists of a sitcon cajeide rod sevaral centimeters long aud about 6

nun~ In diameter. It is vety- nearly a greybody with an ernisslvity of

aboet 0.6SO In the regle'i from 1.5S to IS microns;t? It to electrically

beated in air with a ceirr~nt *f about 5 a.aps to a mximunm tempeivatute

of 140*K. At l40C'*C. the peak samitted radlAnt eneigy lies near I

microns. Heating of the globar to higher temratu-ma will caunt ex-

covolve oxidationl of th* silicon ctrbidw and evaporation oj the btndingI material The ralotivelyFtw=use(41 operating tempe raturw sf16. 9obar
I* its chief dis"dVAut ge. - or astle radiatio fa uat. the globa r e-

jevsa weil-wegulattd turrent. When the wlte was provided through

a V&:tc Wh~e Ivecelved Its Inpiut from it $01. constant -voltg trans-

to=-or, the radiation output va--sd In an irregula&r mranner. Quad

etabMlty was 0htalnetl *+on a num~ber of 10-45 Ampas b 'last tubeas
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waso put in sanis with the~ gjola-%, fs;e Fjig. P- rebafltat tube-s k*pt

the current cone'ant ovr a wide ra - . ( Inp t voQt*.ea A vitrabl

shunt actotti tI. globar v-As uYd to change the source temperature. 'he

total cut reat wai krpi constant while th4 globar carrent was set at AY Y1

desizable level.

The radiant flux wAD modulated at 13 cycles/second with a standard

Pokin-Elmer chopper. The chopper assembly with its rectifying

contacts, was pUced in the vacuum tank at a short distance from the light

amrce. A shatter, wich wa2 operated from outside the vacuum

camnber, could be raised into the beam in a position betrean the light

source Mad the cbopper.

A.'t. -spersing the light by zaa oi a lithium fluoride (LP)

prisr, it was received by a thezmocouple detector located in the

spectraometer, and the Peslltlng electrical signal was amplified by a

13-cycle. POrkin-Elmer model 13 amplifier wh bich was electrically

eoupled with the rectifying points of the light chopper to prevent ampti-J

flcation of any light other t~nn that wVch pa3ntdi through the chopper. _.

Standard p7 oceduos wera used to calibatte the monochromator

with the Li? prism. In addition to known atmospheric absorption li ne,

wa u#d some CO rotational lints near 4. 5 microns. The resulting plot

of Intrwmeat drum readingS against wavelength is shows Iutir I;

"4'I flor output was recorded on logarithn'lc chart paper Me.

SI 4tw#plied by Terhnical Charts Inrorporated. The labor of data re.

w asW4 theWEB y ce de7 t raQly r1eed.

I
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Z.Tnprtr iaAt~iu anti Control

The ahnorption roll -,m alivted hi a ,.osoly fittigy elec 'tNc

tut eke of cylildrival PhAp. which was 61 cm long. 7 6 tm in diameter

,krd wound -,nth -0 gsuge niichcu,- wire. The furnace was surroulde bry

a cylindrical shieldof zirconiunt oxide whh h w' s pzovided with a water-

cooled jacket. A maximum curront of 10 amps watt pas3ed th-.cugh the

heating cuils from a LZO-vlt A.C, mourv-e controlled by a varlac. The

wall temperature of the absorption call waa monitored by two chromel-

alumel thermocouples which were firmly secured to the cell wall by

spring clamps (see Fig. 10) o: by a bolt and washer. The output of one

thermocouple was fed into a Leeds and Northrup SpeI.domax Type H

temperature control unit which controlled the main heating circuit and

provided a contincous temperature record. The other thermocouple was

used to obtain more accurate readings of ternperature from a Leeds and

Northrup No. 8657-C Doubla Rang Potentiorazter Indicator. WVih a

capability of reading thermocouple output to * 01 mY, temperatures

were obtained with an accuracy of * 0. lC. The actual gas temrperature,

however, was not established to this accuracy, since conditions could not

be maintained absolutely constant during the 20 miiutes that it took to

&can the spectrum. Because the cell was sittatd in a vacuum and the

tomperat res Involved were relatively low, the heat losses to the sur-

rounding* wore quit* small and the temperatura could be maintainwd

constaot within * 0. S°C during tiny given run. This result was established

by continuoue monitoring with the potentiometer. Isothermal conditions

wave Vety nearly maintained In the cell because of the very I&a-tge ratio

of the rmal conductivity Inside th,-. cell visils to that of thn surrounding*
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3. (;&*.and Liqi upplynd ilandlinL

For aI1f-broad ,ning r;firtlents, conatnercial ds NO with

a minirnum purity of 9 3% wai o',taincod from the Matheson Company And

used without £urthur purilications. An examination u the infrared

spectrum indicatod no signiilcat inrpuriti*e. It should be noted that

impurities such as homonulet? diatomic molscules (e.g.. HTZ, O) are

infrared-inactiv3 and would not produce imtpud ty absorption. The

commercial cyUndor used contained 10 pounds f liquid N O4 .
o4

Foreign-g s broadening was accomplished with an NO -arson

mixture containing about 1. 5 NOz and supplied by the Matheson Company.

The argon in this miture had a nominal purity of 99.993%.

The infta.ed cell with associated apparatus used for self-boadening

expetiments is illustrated in Fig. 9 and shown schematically in FIg. 10.

In order to miuimlze chaical attack, all metallic parts were made of

tainless steel and teflon 0-rings were used for soal3. The cell was

designed to accommodate spacers rsnging In thickness from 0,001 inch

to several inches. One-lnch diameter by l/4-inch thick sapphire CAIO 3 )

windows were. used for the spectral region from one to ive microns. The

needle valve at the left of Fig. 10 serted to I-tto duct liquid N0 4 into

the base of the annular space surrounding the windows "see filling details

below). At a given temperetuwe. the previously me&sure dvapo-pressure

(see rig. ,) was utilisod. and the optical depth wa vazisd by introducing

a series of spacers of varying thic !mss. With tha liquid-vApor equili-

brium thus established. problems of outface *dsocption were completely

eliminated.

I _ ,
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iq 1 .. ~ 1, ' I ;h- t~ IT: A.; I' vt .u'tprete4 that.
'll b ih q'f )fl.jf c :41. E.)w o if ndPghL Cntir thai spac's

~tt~t'~(iI'n tie 'Jquld wc1uW O ,hr~t~c '';t. u :ptioc by Utf

bands thi-ii Onh viu~r. in o-dcr to c1tznn :rtof falulifi-
"-4o

;u~ ~ b. 0c a est lqC . .. placed the liquid In a rhanter separated
!h_-tb I-al-ar~ by a coil1 - f 114-inuh t!A'41n5 (tld -i. A* tightly- - dd

gh-ss wool and a teiflon pkgi with a pinhnlcs at Itw :err.t;*r frae Fig. 10).

Thibi devitm cred to prrvout any liquid NaZQ04 fLium entering tat. th.

ab--oiptia cell whilt" permitting the vapor to pass . A check of the porous

filter wit aboat 30 attn of nit- ogoa a~z one end shoxved a vary/ suibstantial

pressure drop acrozs th:I f~li:'r. ttin. making it appar.: =ata~ tha ay

liuid tacit Pass nder the ccouittonts ncotaateret in Ewo exped nots.

Comnpiatiso of gamea absorj-I:o: p= withI te liquid in the two

Aaaest pcsinu1us showed no !'Ignfflcazzt -I!CrmnCtlos.

Th. needle valve at the right of Flg. 10 served to Isolate the 119d4
eeeuvoiv for purposes oi chAngi 4 th. spare- -a'h borto el

Two the rmocouples *&re irlnty attached to the liquid resrnoir by nacis

of ap-ing ClAnps sold3ad to the wal.

Pn*Iitniaary n3udcms Involving fornlitt-jaw bzo~eninx we-,e per-

fermed In t. cell ebowa in rig. U, Tblmcuell had A fixed IagtWand was

Jesign'd With two id&Au In "OS, SAMely, to tsAur* ptA111eurs- tightls
ut mintimise svintive et as 4.r'itSa C*ut w~u m

* ~lead to #?cars Inath. asmaN ccrncea#Siesa 9 NO1 dsng shw tman. 0(

a tun. The ameue ot Mdeorplif deperids lin ly an it!! sarfaets &-tot
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enXPOOM to th* gas We h.ivv theefor* tr4ed to mnintso ths initernal

1' 3

mk'fi tfce aom., by e|lmbuiting all unnecessary spcers inside the cell.
_!tsa,,at -the O-AaX AouLdoro worn used diretly for spacing the on-Inch

~a&&&tvr by 1,4-inch thick tepphl-.- window* at 4 €d|tancs, of 3.81 cm =

&parl. Chemical Wac of the wallf was tinitomisd by the uie or 04

stainless steel and teflon 0-rings. G&# leakage was prevented by the

use of doubts 0-ring seas, ora on tach side of the window. The cell

wax founA to hold 500 psi of gas for over a week with no detectable.

pressure loss. Selec.tve surface adsorption was, however, found to be

excessive (see Section MI.

Evacation of the system was accomplished with a CEC Type

pump as shown in Fig. 1. Gases containing NO were first passed

* .througb a liqud-nitrogen trap to avoid contamination of tho pump oil.

The pressure was read on a CEC Pirani vac-zu.mn gage with 0-ZOO and

C-SO miAcron scales. The entire gas-handling system could be evacuated

to less than LO mm of preosure, with a leak rate of about 10 m/

minute. The tank containing the optical system was evacuated to a

pressure of 50 x 10"3 min with a negqlible leak rate. In addition, the

taUnk was flucihed several times with H. P. dry nitrogen in order to

-iimian thr infrared-&a-tivcililrittes in the relatively long (several

-ntateri) georamtric path length of the light buam. 04stide the tack, the

o ptil path nas also pu -rId of undnAired icnptkrlties by conatinuous

*tlkshini with dry sittrogten of the monrhroeMat-ir and of a short tube

leadi1from Lbs rnonochromttor it to th .xit window of the -tank.

t Ito
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Stnad34___** tt,14Ic u~n ihfh*(tit

U$4Standrd 30 ansse,114-inch cpe tuir tubng 60 wifthm e f at fatlng

joints Statute** steel Circic'- Scal plug valves vwerw found to be boot

salted for sytems subj.acted toboth high pressur. Avid vacuum. Whore

metering or throtlfng of tba gas vws required. stndatd needle nalne

war* used-

Liquld NZO 4 was transferred from a eomr-neeslal cylnder to the

absorptioa cell isservoir by gravity feed. We iour4 condensation

wtalue to be rmch too slow sad ioefflcmt' In transferrin Sevra

gram at NA) 4t *eesme the c~udessng surface was at drty-Ice

temperaturos. The filling arrazgecent Is shwwn in Fig- 12. Who liqudd

XA0 cylinder was pesltionod, with It# valve poitag toward the groand

a the highest poinm In the systam while the absorpti'on cell was attached

I ft the system in such a raner that the liquid resenvolr would occupy

the lowest peint. Th. entir epytm up to the main cylindr valve was

thee evacuated to less tha 10 mfm of HgS. With the vacuut-vtve shut,

Nf304 ums forced into the call by 1gravity until the liquid, level could be

seen threegh th. cell windows.- trmes liquid was pwmpei. out to Clear

Sm Mud~ow area- The cell vras thea leolaird by rnnnb* of a sadle valve

#Ad remved froem th. filling position. Cell waights were esue

t befre sudt er' iling to devwm~e the quAstty of liquid transfsrwsd.

R. flUWNAIXY STUDIKS

foifls! expermests wors perform(1d with foreign-gas broa4s9tng

= -a arwe ais a arsit~ geSr*. To ptical deph -... mdb~
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chasging thecga N0 ayse Imnwenttuto in -Aumtuf NO tontain Of55?

gas samples drawn from the main apparatus sofoari 45cr each tum-

The ja,,tumnt was similar to a single-beam device descrvibed pnvlouuly
CISI

by Smth.'

FIXns 13 =4e 14 Illustrate the gas analyzer. Th. light source,

coslSd ot An aa-tnolst 500 ntt, tuga-fitanat 0-3. rmjsctn

huip. masked Oft to appeoulmat. a point ource. After passing the ligh

through a .45emma Coraing glas Malte (Nob. 3387). It was split logo two

beams by a plan. idrroir (Mi). Or.*eo these beam*s w&s deflected by

Soothe- plane U4imrr (MU'llto £ callimatinag lens IL1). The beam diameter

was Urns adjusted to that atd h absorption tube by an Irts-shettsr

assembly takes from a camera. Us. glassi absorption tubes int 54. 5

cm in.; belwmO thu is edges of the pyres wiadews. which wone

cemented to the tubes with 3$bosd irest.. The ligh beam esexgiag

fromn "h abeoptin tube was coadened by the lss Land Shea desed

With a ple Mir hr (043) *at*eAlP3? pbottabe whe* a"put was recdA

*a a Simpson VTYM -*soe Figlor chrcuit diagram). The other ho~

The salyanr was vapaki* al wusasting parnis pnurss .1

N404 uAtves at ream temprsata dow to pressurejs of severgl

mdillmoter* of M-ercury. With a! wpressure t 1Aoutmione atn."wbre

titthe abserplios la*. It w4# Possible, to andawa caseeVAsratin at lss*

0- M.
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The pholotlw inre..tj was vhnckcd by reaJin~g AtUCCCUIV*Iy Mich.

Warn Inti"alty ssartsI :t~e WI ccO'nplt~j4d by Isuing the okttr

Lkrw wwqPUI 0P*1H. "v ftlI(3Itjfl Leaasus umihewaj petifl of

the Phlcolub, plato. and ffll y making anothier "&ncug of the. SntvzusIty

to psfliclAr, t Intensity of each oa' the beams was adjusted with the

idens to read 0.5S volt*; with both shuttes open, the readizg obtand

wan 3 "lS volts. wiCh iswO 5%6 off i'.arfty

Woe aibrated the instrumtent by two diffiezent procedures. One

methbod involved a vIroumetric chemical aaalyals performed onadmxture

"mU draws frow the stAadacd tfO,-argca mixture; in the other

method we meursd the pzessur-s of par. NEOZ-NZO 4 ample, with a

dibtyl phihalat manometer. Thi ca~brasiet curve provided us with a

plot Of the Partial pn*seuree * oM -aNzO mixtures as a functiof of the

* percentag., of trans crssion through the gas In the tube.

A Perces of experiments wa performed at worn temnporature

tlisiag this mnethod of gas analysis belowa And after each run. Us-

6nutelA*y. we funed. that the Not concent rations atf the end of a run

were cn sieerabty low"! than the initial concentrat~on,, indicating sigatfi.

cat adsorption during the course of the expeutnwu -t. For example.

&rtiqg on. test. the percentage of transmiesston changod from SA in~ftal

nU46to Aun AnW3%iiihcresod apparent

decrease in the partial pressure In the sample Igas from 15 to 9 mm at

a tota pressuare -of 730 mm. Thus variatons of approxjmately a factor

a(* of a rred in the g4s composition during a g~ven -u. integratod

isneaips obtained by thi procedure, uilizingl only the final analysis

jc:



f aAch tet, diffeTed front "'vbat v.tlnates," (sa below) by spprod

rnttely a factor of two-

F.. OPIfl ,N PK0CDUZSkvit.- -ROLupS*lNGa EXPEMENlT

i. Art approprite~. sp~tc-r wa.4 s-J.etted a nd tho abuorptton cell

asoembled ant pressur. tested ai4 about 30 atm of for approxinmteIY

£4 b a- y The empty colt was ther weighed

3. LiquldNZO4 was adn:ted to the cell. Calculations showed

*at approximately Z grams was suicient to yield the £uesndad highest

vapor press re (19. S at) witbo t consuming all of the liquid in the cell

reservoir.

3. The cell was next IoLated and removed from the illng

stalo. and, after weighIg. was plzatc at the center. of the electric

furnace in a position such that the light beam could pass through th.

cell windows. Thernucouples were attached wth spring clamps.

4. After aligning the mirrors, the vacunam tank was cloed and

evacuated to about 50 x 10 am, flushed with H. P. dry ultroges, wa

revuMated- The spectrum of the light source was recorded and coIs

tinuously examined in he tregion of atmospherir absorption. The 2. 7

nicros ba /Hof R tho 4- 1 microand of CO, woes, gradually

elimi~nated aZ Oh optical path was purged of H.G and CO ,. respecti e y.

5!S With the *but* placed in the H ght path. Cho ampllr ea

ajestd to avd ter e reidin on the Cowrgr.nd--

6. The nwncb oawtr slit width. arplifIer gain and respon .

and light sone Intelty were next Austed to the desr ,d level.

7. The cell was thsn heated to the desired tempurature. in

adltios to the automatic ctIrol In the system, we found it necspsasy to
m~itan t thr nuomate I



use 1n4-1tt Mdjntntm it the hoatint curtmnlt tn ordeir to mdAntait

att Afy cuustsnt rzeaport1 ure during a rn.

I) The:I 4f~lsRdiiA wpottluv was aztornaticatiy ncenfned anOd

reco:dCd flwrbgj thep 10 miunutes of this o;aatoa. We monk .rsd the

cell Ccetnpesture constantly and made approprizte acdljstent#.

9Leaving the ceul uhanged. the tamnperata:- '* as raised to a

new level and atop 8 rer.'-atad.

10 After compteting a series of rnt at dife out temaporatur~s.

the cell was removed f roma the furnace and rarz2d of all NO1 and .O-

It- The entire procedure was repeatsd Lor vadusspcers.

G. DJWSWSION OF RECSULTS AND SOURC&5) OF ERROR

1. Qui&tative AnalyXsis of Spectum

A representative-eor of th. absorption spzctnrm to a gas

nittre eatainiag NO z a4 N0 4 ) in the near infrared ts reproducad

in flg. IS. The temiperature was 80PC with a currnsponding vapmr

pressure, of 10.3 at=; a spacer of 0.1U4 cm thickness was used- Five

ditinct bands are clearly idertjiiabln5, two of which aorlap partlut t y.

Since, both NO~ e nd N 1Z0 4 bare bands in this region of the stpectrum.

the juttos arises bow the abet rved hands a-e to be assigned to the

proper gs componeat. This problemn mnay-.e resolved :*idily by

ratiag the, temperature of agIls sample to -about 15000 whina moxt of

the x~s hs dtssoclae@ Into NOJ~ coaqtaty th N0 4 U sdm

appear while whe NO,. t ads apprar stronjer. In thist mnuer, one woy

g idetify Os A906 cm band as bslongiag to NO12. thils al of the Other

U&Pd, sbown In Fill 1S bMQPKg to N,4 Rro Zer to Tabl I shows
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tha at$ 04O1 /V tstl o-1or

ii

by othe.- tnia~tigatores. jThi '--asJuta dff,wrtnc. I i1it that Z CMl

5 cn ° obicnable with our appa -atus Tjovie',er. tho wave nuubsr

dtffe'venres hetw.ea gaseou and liqaid X10 4 b4,4 rt.ntme's agrae to

witbin 2 cm "1 with prsvloupl pail.Ushtd esLitufeA For the quantitatiV

work riported he. we are not actually cornserned with baud lot-lAo-s

ex.cept in so iar as they serve to identify the vibrational modes,

The occurrence o! slight overlappifng betwemn bands HQOA at

2908 crn. 1 and NZ0 4 at X962 cm 1 i not introducs serious errors

since less than 5% of the ateas under the iogie°/t I urvas corresapdo

to overlapping vegiont. Wq. tried to r c.te txs? tw..o bad3 griphically

by using an obvious plotting procedure on the origin.i records. This

method gave an astimatad erro' in the quantity 1" of less than oo. per-

cent as established by applying v&wyinl di3gr,.z of az:istic *kill to the

problem and comparing the resulting values of J5.

Two weak impurity band- appmie. .4 In tho opertrum On* may be

seen in Fig. 15 just tW the Ahurt-wave u1mber side of, and patlky over-

lapping with, the 2908 cmi baud of NOR; the other band ove, imp with

t4-0 R-branch of the same band These small dips were posent evrt

when the absorption cell was completely removed fwarn the qetivcl pah.

The strenSths of the dips waer found to be independent of the amowa of

atawsophe'iIla* to the path Th. undw.,Lrd dip in the P-bravah was

• again corrected for graphically; the *ffa.t of the other dip is dixcuxeed

L% Part Zb bolow.
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4opths

*Fls-, &44pY' of all v: n. crcaba~hu bftnd. a 1VaAo'Sotridp

*tnd tot-ipetuteWs art? JJJn isM 11 .. Z ur rI where m

L!14t the E.'tioal fin.i ei ciavhae ha. been ccrnploizdy smeoared out bY

prseiiiure b.-oadsning. the~ @rdintles of thse oit x1n are squat to P K/Z. 303.

The P- end f-brances AT* CIlearly r.oiLic*Pbie in the ZlO8 cM- t

LadofN and the .418 crrt baud of M3 04 althougif L%3 later has Its

P-briach considerably eippreseed (see Fig. 31).

3. Quanttative Mna~js of Band*

A. Os" Comnitiouaf

fthaun of the wekt.zvely high vapor paeesurvs used in thbex

~uiinata Mup to 19.46 atr4). ceal-gas effects mut4t be considere.1 In

caluslating the eqpAiUbAut' eanporitn of pa*nout% NO, AMl NA0 4 . Th

total prtsstn La each case was assumewd to be threqu ilibriuml vapor

prsaur. at tb. msnf flmparatuw.

A .onnl mxpnes~loa ESA:- OW equilibrium constant at any profits"

has boos *boo 19 gg, b

where KI' retes ti the srilum cns"ant at "ze jilsur. V te te

F&* veew *I is the "5*Alrtrt~f cnrffcinne o sits Itk species, atj

Ut WE !0P te suerrI rnftr * ~ ad the eMbsrfpt a to U

Mtan V, a a A" V, 4 Proi *ar qAW PInd $11 it festews that



O-) R T . P1-
A - O n,

* -

Substituting t0uijo' valationsi nto Eq %d1) givais

RT IL RT .P 0
z P 4 Rrdp - P + RT- p

IK II

It is ta"a apparent tbat, ISeMunmang the vail1ty of the equations of statt

pres~atcd by Giauque and Kemp, rva1-&az effects i-'anel Olx IL cakl-

lating the equilib~:um composition.

Th* actval computation& of partial prezssures were peniorawde by

defiulng the decomposed fraction ais

PNOL

Yer the quAntity p. we uuid the provilud3y ir.-ivei@ yap*, pzrdssure
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of thTPo andg N z 0.'fu 4 I 1.Ihd5y1

etir-.teo h<tr' sof1 ta~i tar., 5J 1 r a Lumvidtin of tht aj.b-siui'fI

betwcen the rna:.cna of! -,- P- r.4 R-l'varaavx gz a n nr by 0-0 JMv

Of the .iferzive bansd widiat at 4 kn'wn I omptrat1Cte

Lot As be the measured wav& num-ber Lins tra btrea th-S

macmea, of the P- a.t -',act md a band. b--r diabr.-aic ar kipberkal

top D@I'A tornk molocutos. the- votlve for the rotational qnaritui naumbe

.1 a I at which t~he Ini IAL tiowafr; state popalation is at maximum.t i#.

'N.h eak~ of the &-brancui corrosnd to toe rotational trauit-WI

J *-4J <. whilet for the P-branch It colncides with thi froqusacy for

the traaeitious34 1 Thfe., traatrlins- saperinpoesJl an the

vibratioa-i' trantii~i, to rrsapw to nf* RtfliarS far the maidma of

the P-. AnT f-branches it'

18 %

rearctively. whoe. %rofP-ers to tOw iava nwni-ber of the pure 'vtbratAoad

traauidwaf Thus

As 16'w, "p t



hmr1 Ars a6b e s u 7 t -

Tropc tne t -v#slidty vofi tqu fat wSo. i apyi It. te viraton- ~

reati aemc-trsAdtutbh brnlt4o tebndip arte

fa maitl , a- *bu'it stt char tat **a otlae *th S.A aomrtcy

Ape4E t?)n to,'s 'nte A90 vnI '4rd of V14 for -Whoch .h7

Com Ivi wh*0r te sine; "ulu.4Iscmaowico give* 59ncapproxim4te

linepaciy ng of 0.a cm Moors 'found the vbays nlcdvibatin

rgtatiun 0atra00Z~ an1 tha -ith bade of t* bandC1T disy ate

fat*n~ arnt hnceisin inc ract of obzifacd thi theN gra accurc i

As ppl-ring toq a7) tos theum L lit tn b~d of Eq.. for 7) whiho

wfulaalie *raie fo Asybet10c 1 at ml980Kul mind thea~l rita~nt

vatotht foet-4U b e jt0 c twihgie )aprxmt

Tim spacimmo. Am8 line MpCEl of the rn04m t'.tona conant

cr- fency brad o'w- At~m 4nw then valuoge btandho trult

Mat More far te not rpinng Inr Wiewh of, s (at a; thn NO ~ete6

muttsphrcltpa a cue sE etaiso q 1) h
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a Itne. spacing z'! o d27r of C 2 -rn- will givr iftietivey CCO'fPl1t*

oVerlappintg Alt total PP:-!rZ of Cna 14 three amovsphe-ss It is

thierefoive reasoaabe to asaumwi th at thle tolai ptessures en~caufter.hd

in our ex:periments (3 to' 20 atryz'. thvt rotralonal 'iuf- st'uctuL a was

t ~sufficiently smeaztzd out to yid sm. ooth functiona for tbhe spec:-at

absorption toel.icients of the varicat; bands

r. !n,4egrated Inte~nsities

Ih{eaa-urcrnents ware pefic- in th temiperature raegs b'itween

S0 aod 1000C at 10 &itgi a intervals. The optical d-ipzh was vaiiad by

Introducing a series of five sp~icers in thn Wboarption cell. giving

geornetric path lonetht of 0 01q4- 0.049)5. 0- 0749 0.1060- id 0. 124 ern.

In Figs- 1.6 to 20 we bave platted tbtm rmasurrd truantity F3 as' a

function of spacir th..-kat-so At various t ;npcrlures jknd cort-sponding

vitpor prensure~s. The p T!%armtce w>a .; ± 4y gr~phcal intogration I
of the function 1011,1o' I).which was tak~en iroui the *origirAl re~cord.

No *111nifirant A-vitkn from llnor~its obiprved In Vtse curves. Least.

ffUA4l.,# te) Il- 0-P04rhidIAl polints ar?- &hI% *Sown in FIgS. 16 to ZO

Most tit th* tcu,-vip eorr'~n i Ao th b-%nds pos-i through th~s

0*!1jln Or Cluesa to JL D-vu.tiane f rom the. t nril iv f-.% to V.1 r 'in 4%

randurn u1.A-Inet fa. tb*. bands. 1 ha ''rv- O, *sd~1 to I ho
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90 em band '1 HOe, howrnir. di~ y a gy,?n-at|c deviloS Ly tn

the otigin All tiva curvas Iht*ercept tI-, o.dzte at appra"mnatatY 4 cm §

Wich etqu4al very nnarly tht majurei la.t . ty 3 or the impurity

absorptioa colncI0.4i - t* h a-ora this b4d. Since the apaount

Of absorption pro-duced by the irnvsr.tlty was independent of the- optical

depth of NO Z , the slopes of the vs. X crves were net affected and

should yield true valu=s for Lutegrated inrtnity.*

IVntgred intensity estimaes for one '0 and !out NZO 4 comb-

nation bands are summarized La Table . and their temperature depend-

acu, Is shown in Fig. I1. Te linnar e o iVd ca rz were fitted to ihe ox-

parimeital p!ats by assuming that the intensities ar. inversely propor-

tional to the absolute temperature. It is aenthat tha results show very

nearly a IT depend-nce for th3 ten.-sr.tar range uor cosidien! lRI

3." Composion Error Anlyis

A major source o! random errors :asuilts from uncertainties Zn
teI determisatos of parSI pressuees- T parar~tar that limit. our

expertimntal precision 13 the tnperaturs since it Is th. only

measured quanity.

Fot a quantitative deterrlnatioa of the expected sattr in partial

pr ssure as obtained from the rasasuted t-nmparaires. we begia vith

Eq. (14). From this relation It follows that

The qoestion of the origin of small deviations oftb fuor-aerat saeo
optical depth has beea discussed C0tensl-'ly In connection with early
studies of aUsolute Iteatly measurements. I most of the published papers,
deviations larger than those noted In FIgs. 17 to £0 have been sheer-ncd0

frutermer., thoes deviations ar not, usually accownted ior as *at&-
factouly as they are in Fi. i by the Presen'e of Impurity absertlon
bands 1% the ge. It Is welt known to wodrers In thif field that small
deviatioa of be .xtrapelated curves from the origia, whether thay ate pro-
duced- by an Imtperfect optical system Involving some scattierad !Sht or by
ot eff~cti do no* Influence signlIcantly the mt-asarad val-u' nf a the
othera -fot do/dKPS.
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Fromn our definition of

NO and P'- 0 o '~

thus

dpNO (O

PNO p

and

dpp

*Substiiuting Eq* S13) ai4 (19; Into Eqs.- (Z0* an~d 1Z1', respectively,

PNO

and-

From the data p rsvntecd In FiLgs, A and 3. we find. for tZhe

tomp. ratur*r.sg winetountflrP~l in ou.- experimontia.

SdK~ 0z 046 0K'l

p
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where *a have aproximated difi-ntia unl-ob iief~ec

.R 4

Hoce " cld t hatfl4 t"o scatte in~ pardi A prvtcuzes i ics@?ting

Prtm Iaa prairt1 ete in eprOz tmeauwmtt of * 0 Sox. iets * a 's

we ht-av ppointe diato:-.iIthe *puiroto vy ini b~e sc.B-

ofseius~kut ero.The folin prcedvaue waso uqse' d t3 givnsoes

that~ ~ ~ lih sctern Inti ntamn ainta 4rossta ferr

&-aetm cc~rav Thu gtw* (outito mstransmit abt 66% 5. at w* 2



& ngthe Is-4ow 3. At iongfr wvavengnthi. the recordo. indlirated thit

*Qp~?rii )iod n ine gi*ians 4n inte ervic ee titter whtdh wM completely

opaque to viiblo light up to 1 7/1 and trtr ied about 950/, abowe thin

w.volwvlgth Above Z. 8,4, . the reco-der again indicated the dame (hIn

an the detector as wa found with the MLso alone Since in the last iease

all .shoit wavelength radiatIon below I 7,A h~d bazt , -lijlt.'d, the

(,bssrv~d fluri must have been citho- scattered light at waveh, rgths

gr3tater than 1. 7,4 or else ak ,rnotll amoum- of tr.anxmipsion through the

glass at a wavelength corresponing to the Instr'ument setting. As light

source we isted a Nernst glower which operatus at 1900 K; at 1900°K,

the peak %mitt-d ene ry lies near I 5A - Hence. w.ith th- interftenc.

filter In the light path. the energy peak and light of all ,Avatleugthe

below it vvre eliminated from the epctriomer. The smaLl flux on the

detector, therefore. is probably due to tr-ansmission through the glass

at a wavelength corresponding to the inaltriment wetting

It OUA?'TITATIVE STUDIES ON LIQUID NaO 4 BANDS

The optical system used for measuriag liquid NaO 4 absorption

was Identical with that dssc ribed in Section D. The absoiptiof-n-ll showu

in Tig, 10 was now completly filled with liquid N20 4  Extreme car*

was exercised to eliminate all bubbles froi the spAce between the win-

dows, as this would introduce serious errors Into the nterpistation of

oxper-imntal result.

C
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Spectia wozo obt4ai,1d with two spaers in the celt cozre.pold1.il

to uptical path l tbs of 1 0141 and 0. 00508 cm The Us of the.e thi

)4C#15# .! tri4jtlttCCd actual otIW.en o actual s ~CtnJ bgas. te wiLndr

when th ceil wa. subject t4 z ittesnal p. e*S our* €oresprondl to

those encotrAeard in the .*_p-L-itrn.ts. The actua1 window spadng urder

,;resotL O may change rs . zesult of two possible causes: 'a) with the

windows osuppoeted on ths periphery by O-rings. btdglnq out oi the

center poiions may be o. signtifcance; %b) th* suppo'ing 0-rir-S thom-

"elve8 may be: sufficientle cornprssed to Increase the. -pacing appre-

ciably. The effect of the e facto.- at varioua onsu-es was determined

with the aid of a 4l Sagv indicato capable of measuring diff roco In

poiltion as small as 0. OC¢I inch. The gag* was *ice~d to the cell body in

sa4ch a way that the movhig rod was in contact with and normal to the

outside sugiace of w window. We were thte able to read the outward

deflection of the windows ou*er as a function of pressu. Results in-

dicated no detectable deflection up to a pressure of ZS atm. At 17 atr,

the deflection for one, wir.dow was 0. 0013 cm, which corresponds to a

50% increase in window top4ration for the 0. 00508 cm sparer. We may

conclude from these retsulta that th actual spacing between windows

during the oxperiments ;.-t a maximum pressure of 19 8 aitm) covrespo ded

to the anscer thickness.

1. Results

Transmisuion spectra were obtaind in Ows tempututr re ange

from 15 to 10fC at Intevvals of approximAtsly Z0 deg:sev. Final to-

stlt* are based on meast.r mo with the O 0008 cm spacer. or the

i I



0 0IL? en spat or. the hqoid vi-to opAq'U-os ho -eglon of tho, otrtsore

l dsil 14a@wavr_ relAtI| for- th weaktiat bani -3419 cm " 1ollowed : *

s-e law Aceo-rdlaig t -'11 es 1 qua~nt t l . . -Nt"'oCtLr

the ofpicA 1th lesIthS uLe E q %*Z) %nd 6] For, the ratto of path

leraths 1 /1 1 Z S wefound to b-v Z 46. 2-SA, and 1.48 at

temp, atures uf 25. 40, and 60C. respectively Assuming that Beers

Liw is valid. we may coasider these resalta to provide an additional

check on the actual window spain

Spectral Abso.-ption ct Pfficien*ns for four liquid-N2 0 4 combiation

bandt at vaeioua tempeo-W:ev are plotted i Figs. 55 to 55 of Appendix

1 All bavA, 4rv shifted by 4 to 17 rm | to*w&td the low*. fzeq*ecies

'see Table 1) relative to the bande observed for the gas-

Iutetrated intensity estimnnae are summari ed In Table I and

plotted, per uai mae do Ity. as a function of temperatuire in Fi;l. ZZ.

We ceactude fom the obsip..ed :esults that the integrated Intensity per

oait mast deasity is approximately constant over the indicated tempera-

ture rane

I. COMPA8JSON 0F INTGRATED INTENSITIES FOR NZ0 4 IN THE

GASEOUS AND lIQUiD STATES

Reference to Table I showo that th* shi t in band locations in

.oisg from te seous to the lquid state are of tbo order . 10 cm .

?eea results suggest that the wave functions corresponding to the upper

adA lower vibrational states are not greatly changed In going from the.

vaper to the liquid phae. One might theiroeoer expect the vibrattonal

matrix elements for the N 0 4 nuleruls to be apprxtmal't#y equal I
A 4
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in uf liu& (| . i... ih- lie ait1 tvisnity lq disrctty pro)-

tj4' lional to the square of tle ri.ttrix Ploe not Hencr thn intensiti'5

*xp..esad In the mame units

In Table 4 we corc-pare the. Intagratt-d Iiensities exprase|| pair

unit mass dennity. Lor ihe genuoS itad liquid .tates of N10 4  Good

algreene, t in ii*itls n noted for th £6!8. Z96Z, " Wd0 Cm

bands. with the p*erentsie dUifeg.ntoes at the there temperatures being

less than 16% For thrc.- of ti-e four bands studied, the integrated In-

frnsily in the liquid phut Is larger then In tbc vipor phi,. The -meakst

bud f3442 em | show* j pI:centage differ.nce between the lnaetsities

-ff h1e gatw oto end liquid stAtC esf about 5O% It should perhaps be noted

that t** absolute accura#-y uf Intensity measuremen~ts is usually smalleet

for the weakest bands cernpxv Figs, 17 to 10; it I not clear that any

Itmcular physical signfi-ancs. in te :m of liquid structure. may e

•titached to the obsered zeoults

J DETERMNATION OF ARH FOR THE REJACTLON NO4 - 2W

FROM INFRAItZD MEASUREMENTS

On-. of th, mo. int-estieg applications of xpe irmantal infrartd

nmeasusements on systems in ch.mical equilibriur in the determination

of equillbrimm constants &Md rbefmil heats of reaction- Optical

tethaimluas wold be p.-titularly useful on tomp"lcaid eystome can-

ftaialug more thalu two species. fe- It is %,.latively easy to follow the

coc.eutrations of each species by moturlaing tho abo. :pon In ,the togion

2I
I=
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Ira t. a t1 AjI it jr4 -to4 o~t-swrf3A bsIurl a ' 1  Ai ~si

Ja onpa? i tL i #.f thl % fro i1c~ ui: gppy tltit 1#' Use Iii /Offmt

V!,rn tu- With AU.CIdlin~n-y#i'fol' tb-se 1n ,;1j'.in1gyltd

f 1e * v 4k t I tsi nu th-t -q-jli ri )*.n Ctoz-s -1 wi th t vvipw vatu r a from WM h

-xv obtain the b~ uf ;- ir. =' It a:ijzi4 b-- nottd th&-I. in %3tder to

ohtiu his~ .. if iti "~ ees to knew $hp abypolutv vaIuos for

the intigirated inteftsitive A knowIP41ge of th.:i - cenpa.'atwo~ depedd@uc

is sutftciatnt

Lo*t no Au106Iti that fO@: thf: -tiutrc Presolkted ta Figs to to M0

OP~ COtW P-.*084&t* WOV .firleCtiy higth lo10 e - wilt the. rOtation&1

(mm etaatuce scrnpletel~y Then, by Zq 'W. pov4ded a4vatr broadea-

in& has beern obataiaa.

NO4

whelrq ANd 614 efer 0 MWy SiVen baud Of NO, 3dAW,4.lfA,

aw14iato IsUsed (a? Nto 4  Now we assuame thast the Istag! 1.it weitto*

v .ry Inswefoly with tb. AbooluteP tomiporahare an tssiampie -abics to

* well justfied (a, the ,plottleiy sgmll tempt ratw.u.ag uner cn

siettte feecr FIX 4£1' Thus

NoS
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4 24

isr.am~ v sin -S ufl ta-gtaad Antiaiy *t the. teOr r t tr*

B T
NOa

£O4 4I

'ebiuk steu sautichted -int. w ? &atlon !.r- rhrrnscak equitibiumgie

"be fctiio. is Or fitpt W* 6- paiate- of Eq 'tit to.a coaster Is-

dsperMS2 of cneat

Rae vme. to Eq 161 sowi tha In eider to *bint absolt.m valsas

for the eqmtiirtm canal&#t Iti IU*eCSA? I. t know te. absolute Ins-

teKflsS a 4 a%.rbfl"4 yp tesfpratura To farua bwa of NO,, MA Dos of

fl,0 4 wAkoluto e sattt.. for NO4 So4y bw- obtalsad bg .etabI&ahtsa

.eftairalvy MAg 140%p*- 41W-a to 11014 a ron.-tits O8f U0SS ny 4 @auptrts

dt419rt"ies- ttao Wb&.kt06 0i.41~ pn'wfl?*P Sppl IStflhtl't ea9I*1 tea (hp'

fa



I.P-st 'd-j p-atdi r~ -

*',.neiy Yug hipQ7 p~ q. -rutt' Ifid Wv.44 sharofoMW~ rn I (PAPL6!41 Mi~N

'hf i.:!tSr etnptnft ! b a diy !b.cibtr t o a. aa'r

rsnqu* -4ably high pressure* gntraW'' than an* %tm; ins the v spar phiase'

40wr r. gtr mx -Y a'eti!f.lqtr Sibsolntr wn'.n4tir a oN.0 4 ( urn, tb*

Squid ph %AV pe.- TI&Md Or the ualennttsra fsw two bee-dis Ut An1

srbitT4''y teraprwratu..- a4",= -m-inrd. tiseamorbemic 11 datAL muck as

itF anud .i t mnhbe (omputrd foa. spcctroscepie amaemntt by,

The us& ad Eq 1ot)

The sqwitib 'tur rosstavt for t1 ve~nn at ran stan: presare sad

weep.e riaure c-ts be expressetd In te -m.s * t the diff."u*ce beiwn a tkM

aj~dird fre.4 -,ta of the p oducts -ad reLattat Mt iw

p _ Pvu ar"

fro sih it St ra eardyf be shown'1 1 . L M tat

dia

iinbtct is kswvl -sN vt. Hoff' rsw tiooc The quantait lrerh-te

the ditfe-reare s enrh.dprr betamers the pr-ducts aMr rrcCtTaftte n&iu&ad

At It penO f9 .4 ~m Aznwephwre trod at Owe tempe. nzuroT

calubtaie E.4 !-V-a aud ut0; gives

1nop 4 ) iW t



-~~m - -
-_

4 C,,.&I. u

umhnd) 4' n hay' plactlr ih ;scr s isln4 aso~gx liffr l0itXh#0

'inpaity bald etnctding walk the Z903 Fr Ib4ad & NO, by aubtvatfrtg

I I en' m ret -ah v14iz alue for as* Figx 6

Tbo- tape rtarntai pomints ahown haM Fig -31 Yie Id nlicely linear pts.

iteicig that Ae 3m 11Cc. 1y consLant ia 'the *pacified tempt reWr F-Ang.

ae'sm-sfmAre li# yield V-4ImVS tos. AW o .14 07' W1.08.etI

W Ia/h oN.I 1 40 4 1 foir the caives -respcanding a t. 3618 Z9%L, an-4

iI-10rm1 bud ufN reaper I lys-.' Thu . we obtnn a aa valu- of

13. 010 * 90 ealirmcle Nt04 _ whiskb is in good agrennen witk thr va-us at

£9S of 13,.691 * 14 cell- vaole ?1j041 rcpeflepd by GlAuquc md Ke~mp-.6

The pre-tiug 1-st-:lu. p;*avldr Ar. Irnzrr!atA rheck om the ue-!f

CdOSS it.' r~ty aftU 011? 1 hs lAzurred aftsraeir y me-as reinertt a

* K INYLCRA TED .NTE4I&=T - S rOR Fuz4DAmEN tAt, BANDS OF

GASEOUS NO0. AND RIO0 IN THE 5 MO 15$1 j&EG:ON

Foir the sppctral "glson ffrts to IS ml.' -Onq, we Used ailvoA

~hI~~d.AgCI) wlsdwsm lathe abnerptloa c.IH A 5-mmn Ar~i wtrdew

tram~te atuit 80 percent It thsq rttion from 'i ;o £CM. Silvor

* s~higold. was LhBCis* p'imat4y for Us to~~a~eI rnsrlrot atlatk by

e1trsjM" dlox.4s' mwhn- trnpt MA ctJJriolttthm ta% I Lh.41 It
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iu ~ ~ ~ ~~&v mimmt ct~eus .~ ,it tti hlu -ir ,d low t.r vy Iht 110i

('raczk urxir balnA PI r"Of"Ie ~.41 Ih thirl t sp~atC em@ f.ro iM, 10

We Ij-sod a rcks sit (UI.,I pi 4tsrti f'.r eitudi!J' 4bovm' S/L ; odit

~hleid' L r.xIY orqitin abut.. IS~t St.,Jard penoduroo v:,t' Udlli#Z-d

00 obtain a wave-lenigth 41:1.t1bration o! the spetrttom~te1 Attnosphoslir

and Polylatyren. banid* gave calibration pullija up to about 10A . In

.Iddition. kno-v tin-is belt.niptig to the 950 ':n- I undirnental band of NH 3

Were used F0-: the rOgloin near 15,1., we ust-d iha 665 cmI fu.drntal

Thu speictrometer slit width was varlad in such a manner that the

fsOlutlon for the entire spectral rang* was betwafta 5 and 10 cm-

Since the conditions for complete overlapping of the rotational

tine# had been studied ex'tenu'ivelty for tho work in tho noit- inrred

legion "I to SA : . we asp~arnd that it was not necessary to plot the

Parampter.93i as a function of optic at depth for the fund&ame rals in tile

5 to 1 ,U region Measur-ements were r-Aado at Z5 a C corre'sponding to

a1 vapor pressure of L.18 atm. This pressure shoutld be sufficioutly high

to s Mear out the rotational fine structure. particularly sice we are

dealing with ve, y strong b.Lnds Only OAe spacer -t0 0495 cm thick) Wma

stood. Integrated Into-nottlrs wore obtained for wvN04Z and three N 10 4

fudamental bands. which -ire the strongest bands in the region ftrnm 5

Light scattering ti the spisuteomeer was m~eA*Ured And corrected

for fil thok followinji nanner. It the r.ptical depth is inid. 4%iftciestly high.
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v.xiy ir nin that th,24 Veztr ,Iitt4 za d c i ,~ a t r t' i wd

scat~redlight Corecton fo ctogma eTaeb simply

LL

in et Fign ,- = the tict d l ,.itut t ei n a he r l igt Intensity, alit

width' n -mtific thi ad thzwmte subtd1tngy ths orar&rod lih wrdm

w~eabur erthe bansisdo spectrum. as In Fig 4;b This ' procedue as

raitsed brasinte alc is noertuvf. the- obsey fat mutb

.Lsse tred in his o.n.., w.ev "J corrections forscaterig. by s ply

iNOCMeeI n t e tal of N z Oi hi -.t a ter tel ligh I.-%tevonity of

thisdtAxd waspfurgn nd t botA f h sInbrc~nt iht antrd about 30%ofn

th rnsisonsetrm s aFg.£i) hsprcdr s easly

mFim 4 .funclawntal o .tt | hte ncgtonq aity atn ony

w4vu bua wa f~noune t e Abu ido b. dn st igh a4n"d #bence%,o

fthe tranttd i cy thu hnot mAexru th thy vbse lty of tuth

b8nd. ttto sd tght wo'eti.n fon tt c*~i 41hg r. ongwiabysml

lnce~~t~t te ptins<tpt, ito , .ltrillth lihtinenit, li



p fit)~ fi :, 01t 1 1,%i-.t .I L1midm . *a', In Fiqv 9

'V&~ r~~j'~ LJI 1 t~-.ilr (4. £,u.- Sfltf i-Atpd iteriii. Are

biands of NO z 11!-1 P1 4 nC t ,pti)frr o1
mic ronx ~~iiIt ,td ~ fur c

muieculu, Band rentp- nteg-~ated inteusity

ernc -Atm I

NO, 1617 105
,4 O4  17?48 j 940

wNO 4 U0 80

NZ 475 0______-

L.. SPECTRAL AND TOTAL EW.13VITY ESTIMA'[S M'R NOZ

Radiant emprgy rmipion f-omn the atmosphe -a of the fa'th is an

important pioblten that i4 being aw~died aiva1 by A~ numaber of In-

vestigatats. For rezAmpi.. the emission (crnm OH in th? upper Atmos-

plisi. has been estimated bo~th expeAiument-&iy' Z1, and theoretically. !Z. 5

Th. spoctes lOZ i ls 1o boe*rd to be pr:*,4"nt in ll u ~ppofl atniospler..

although nu unambiguouns pcclroj~ropir detertatn bao beetn mad.' 4,o far

In this connection, quantal4tiv4 values of apexl- 4 bsorptina cooffirIents

ibiw NO1 foom 1Abo'ratacy .etp. -inwnts &to of vonaid3 -able int.'et Those

40ta should facilitate estinxim of the' coatrilratiln bv NO, to tb. "night



41 1cf tuA fill-bsip(s if I-. it hy

I-0.sp:-P jil.

.n F igo .4 to JO md Fig 54, we h. v~ plutt di loIl.o 1') A/a fvt

4%traflg@wt bands of NO z it, the -egon fromn I to~ 15. The ordinates

thess Cuue rpt~a~atP*p2 I 30.3 rince we h.xviv sho~wn that, during

the. expeervirts. the rotatinAI fine sti.ucturs was com~pletely seared

out **a Secion 0. Strt Zb; Pat Itmpe. aLires othe- than thosc for

which moasucements a r& avtiMble. it t# a tirnplr m~atter to estinrAt--

the. appropriAte valuo' of this spoctal Abeorp'.tan roeffiefents provid3ed

Chie rutjittunjal fine' struc.'urp is agiiu amre-ared out. 'Me would *xpect

thx this condition is s4fi.*d, in good sippruxiirraon. for total p~ressbrar'

1greater than abo-.t ond atmorpheit± in tbe t-empaoatu f- ranjgt in which NO~

end N zO04 are stable

At alttu~des Xvitoke- W-in 100. 000 it - he loca~l pressuro is It-so thani

C 01 Ittm; Undet thcgte CoidiLtonS. tit VOt~iI~nal linS Of NO, 410 ntt

fXPeCted to cOVO-Hl.P appr~eciably Set.auvs of th* compt..i band structure

#,( asymm.otric polyalumic nio!.(.IIp. such as NO Z'it rn-a be cotvenent

to use the statistiral model developed by Majax 27aad Ouuezy.- )

According to this modrd. the, tiwan emiI.Ivity fu(r a ba, with random-

ly diettibut*d lines having the notins intolvated intoe-nity 3! anid a

* weosoun~co. contour With & h~lf-wldth b, is givenu bS
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444 i UU(IL The rn.~ !e r r.4 to tint 49 Ps (ox4 Wsts

FU lowX/~Lwb' .44 1. 0".~ vnets "cr,,41vy 'Poduces to

oists Iwb/ (or~ the spocifted .Ititde 10'O

We vhall UVW apply Zq. - 1 to I ho em'issiona fromNa in the upper

atamopbh sw Thw :.rputv ars coniderab~y. si raptifta -3 by ideLmtiylfl4

in thie usual WmUnr,v vis

wheirs 4ii is tho offeu.tm bPAn width for theP itk bard Suabstituting Pbq-

JC: i'ntq E41 )is give.

All of the patameto re es tar.: tig -hand aid. of Eq. ',31) blv., bee~n

moitourvil or esn bw *stim-Utd (up, tho tum stronaes. tnfra-*4 baad. vt

NO&. sad hones (te fman eosuiitve *Or thjeS* b-afe!. may0 be ci1liat.

At arbitrary optical deptb. t ta Ushow Oxaxiao under Witat toditiets

holds for NO4  ftePlACbt at ae.ding to Vq U I- wo obtain

V.9ptio t 1) ml ay *'W~aais*4 difro-ily (rumi 99 (19, by esasaming tb&M
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